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ABSTRACT: Vegetation tires and fuel-wood combustion transfer carbon from the relatively fast 
biological-atmosphere carbon tumover to the long-term geological one, the processes in which 
biomass buming is involved, may represents a significant sink for carbon dioxide. The so-called 
"black coal", is composed main1y of polyaromatic and relatively inert carbon forms. In this 
work, the composition of the potential refractory carbon forms present in the different soil parti-
cle fractions of a pine forest soils from Sierra de Aznalcollar, Seville, Spain affected and unaf-
fected by a wildtire is described using pyrolytic (Py-CG/MS) and spectroscopic solid state BC 
NMR techniques. 
An enrichment in total carbon was found for all particle size fractions in the tire affected soil, 
with the lowest enrichment factor in the sand-size fraction (1.4) and the highest in the coarse silt-
size (2.8) and c1ay-size fractions (2.7). When analysing the pyrograms of the forest soils affected 
by tire, most pyrolysis products present in undisturbed natural soils disappears and the domi-
nance of charred "non pyrolyzable" refractory carbonous material is c1ear. The forrnation of 
condensed refractory materials after the wildtire is again apparent in the solid-state BC NMR 
spectra, showing a neat increase in the intensity of the aromatic C regíon (160 to 110 ppm), 
which occurs at the expenses ofthe 0- and N-alkyl C regíon (110 to 60 ppm). This together with 
other evidences, indicates that the increase in C observed in all size fractions of the frre affected 
soil is main1y due to the forrnation of refractory, polyaromatic and relatively inert carbonaceous 
(Black coal) material, rather than to the input of fresh litter after the fue event. 
1 INTRODUCTION 
Biomass burning produces large amounts of high1y refractory organic matter consisting of 
charcoal and charred plant material. This process may lead to a significant sink for carbon dioxide 
because vegetation fues and fuel-wood combustion transfer carbon from the re1atively fast biologí-
cal-atmosphere carbon tumover to the long-term geologícal one. The charred organic matter have a 
major impact on the formation processes of soil humus, contributing to the accumulation in soil of 
the so-called "black coal", which is composed main1y of polyaromatic and relative1y inert carbon 
forms. The study of the fate and chemical structure of black carbon deserves more research atten-
tion due to its widespread distribution in the environment and to its contribution to long-term car-
bon sequestration on the Earth's surface (Goldberg 1985, Haumaier & Zech 1995, Schmidt et al. 
1999). 
Laboratory simulation experiments as well as the analysis of soil samples disturbed by for-
est tires or by the controlled burning of crop residues, have demonstrated that heat induces a series 
of inter- and intramolecular reactions leading to condensed heterogeneous material s and a higher 
molecular complexity than the original organic matter. Such a material share several chemical 
characteristics in common with those of natural humic substances and kerogens (Almendros et al. 
1990, González-Vila et al. 2001). This type of research in real wildtire affected soils are sti11 
scarce. 
In this work we present a comparative study of the carbon forms present in forest soils disturbed 
by forest tires with those present in the natural undisturbed soils. The composition of the potential 
refractory carbon present in pine forest soils from Sierra de Aznalcollar, Seville, Spain affected by 
a wildtire is described by using pyrolytic (Py-CG/MS) and spectroscopic (solid state BC NMR) 
techniques. In order to elucidate in which organic matter fraction charred residues are preferentially 
accumulated, the bulk soil samples were fractionated according to c1assical chemicalprocedures 
(solubility in aqueous solutions at different pH values) and physical fractionation (partic1e size dis-
tribution). The data presented here corresponds only to the latter. 
2 MATERIAL AND METHODS 
The Sierra de Aznalcollar is part of Seville's Sierra Norte, North-West Andalusia Autonomous 
Community. The area under study is located in an area where forest tires are frequent having a 
moderate to high risk during the summer months (Fig. 1). The natural vegetation is a typical pine 
forest on a Xerochrept Inceptisol. 
Soil samples were taken from the top 15 cm ofthe mineral soil in an area severely affected by a 
recent forest tire and from a near by area that was not affected by the wildfrre. The samples were 
air dried at 20°C for 15 days and sieved through a 2 mm mesh width. The tine earth was then fur-
ther separated using Splitt-Flow Thin (SPLITT) Cell Fractionation Technique. 
The resulting sand (2mm-63J.1m), coarse silt (63-20J.1m), medium silt (20-6J.1m), fme silt (6-2J.1m) 
and c1ay-size «2J.1m) fractions were analyzed by Pyrolysis using a Curie Point Pyrolyzer (Horizon 
Inst.) connected in tandem with a GC-MS (Varian Satum 2000). Raw samples were placed in a Fe-
Ni filament and flash pyrolized at 600 oC for 5 seconds. Solid-state l3C NMR analysis was done 
with a Bruker DSX 200 spectrometer operating at a BC resonance frequency of 50.3 MHz, with a 
double bearing probe with phase-stabilized zirconium dioxide rotors of 7 mm 0. In order to en-
hance the sensitivity of the technique in samples with low content of organic matter, the soil sam-
pIes were pretreated with a 10% (v/v) hydrofluoric (HF) acid aqueous solution. 
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Figure 1. Andalusia Autonomous Community tire risk map with the location of the study area at 
"Sierra de Azna1collar", Seville. (Fire risk map from Laboratorio de Teledetección, Universidad de Valladolid). 
3 RESULTS 
The concentration of C associated with each fraction of the buIk soil is shown in Table 1. Tak-
ing the tire unaffected soil (FU) as a reference, the carbon enrichment factor (EF) was also calcu-
lated for each fraction. Although at different magnitude, a11 fractions showed an enrichment in car-
bono The lowest EF was found in the sand-size fraction (1.4) and the highest in the coarse silt-size 
(2.8) and clay-size fractions (2.7). 
Table 1. Yield and carbon distribution in the different soil particle size fractions 
Yield (% bulk son) e (mg g-I bulk son) 
Fraction 
Sand (2mm-63",m) 
Coarse silt (63-20",m) 
Medium silt (20-6",m) 
Fine silt (6-2",m) 
Clay «2f.!m) 
FU Soilh) FA Soil(2) FU Soil FA Soil EF(3) 
37 39 19 27 1.4 
9 12 65 181 2.8 
16 17 44 135 3.1 
20 14 5 11 2.1 
19 17 5 13 2.7 
(1) Fire unaffected soil; (2) Fire affected soil; (3) Enrichmentfactor 
The pyrograms obtained from the original, tire unaffected soils release a wide variety of typical 
organic soil pyrolysis compounds (identity not shown here) arising mainly from polysacharide and 
polyphenol precursors. On the contrary, in the forest soils affected by [rre, most pyrolysis products 
present in undisturbed natural soils vanishes and the dominance of charred "non pyrolyzable" re-
fractory carbonous material is clear (Figure 2). 
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Figure 2. Changes in pyrograms patterns of the partic1e size fractions from raw soil samples from a 
pine forest at Sierra de Aznalco11ar, unaffected and affected by asevere forest [rre 
The formation of condensed refractory material s after a forest fue is again apparent in the solid-
state l3C NMR spectra from the same samples. In general, a neat increase in the intensity of the 
aromatic C region (160 to 110 ppm) is observed, dominance which occurs at the expenses ofthe 0-
and N-alkyl C region (110 to 60 ppm), that decreases in aH particle size fractions of the frre af-
fected soil Fig. 3. This indicates that the increase in C observed (enrichment factor) in the tire af-
fected soil is mainly due to the enrichment of soil in charred material rather than due to the input of 
fresh litter after the fue event, and that charred material became associated to aH particle size frac-
tions. This is further corroborated when analysing the RNM Ratio 1 (160/110 ppm)/(110/45 ppm), 
that is < 1 in aH particle fractions of the original, unaffected soil and > 1 in aH particle fractions of 
the fue affected one. Another indicator of organic matter condensation and the formation of refrac-
tory, polyaromatic and relatively inert carbon forms (Black coal), is that the O-alkyl C/alkyl C ra-
tio, also decrease in the tire affected soil associated to particle size, this ratio is always lower than 
that in the original non fue affected soil. 
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Figure 3. Changes on the solid-state l3C NMR spectra of the particle size fractions from soil sam-
pies from a pine forest at Sierra de AznalcoHar, unaffected and affected by asevere forest tire 
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